Being encouraged by these and other related literatures (6-9), we proceeded to the preliminary study on the substrate response of acid phosphatase in P.
pseudomallei. The experiments were rewarded with a noteworthy observation that tyrosine phosphatase showed the highest activity in P. pseudomallei and P.
cepacia.
MATERIALS AND METHODS
Microorganisms: The strains of P, pseudomallei and P. cepacia employed in this study were the isolates from melioidosis patients admitted to Sappasitthiprasong Ubon Hospital in Ubon Ratchathani. As P. pseudomallei, UB3 was the strain isolated from the blood in 1989. UB48, UB54,and UB52 were the fresh isolates in 1991, the former two from the blood and the latter one from the sputum. As P. cepacia, four strains were employed; UB77 of blood origin, UB76 and UB78 each of pus origin, and UB80 of urine origin. All these strains were identified by routine laboratory tests in the hospital, and further confirmed by ourselves on the basis of fatty acid analysis by gas-liquid chromatography, pHactivity patterns of acid phosphatase (10), and immunofluorescence microscopical assay (IFA) as will be reported elsewhere. IFA was a reliable test to differentiate the two species.
Cell cultures: To harvest the cell mass for the enzymatic study, the strains were grown as follows. Each stock culture was transferred to blood agar, which was incubated overnight at 37 C. One colony on the plate was then picked up and inoculated to nutrient broth to be incubated overnight. This broth culture was spread with a cotton swab onto a plate of tripton glucose extract agar (TGE), which was incubated overnight at 37 C. The growth developed was then suspended in 3 ml of 0.9% saline using a spreader.
A 1:20 dilution of this suspension was prepared and subjected to the determination of optical density at 420 nm with a Coleman spectrophotometer. From the optical density obtained, further adjustment was made to prepare a suspension of OD:5 or OD:4.
Chemicals: Phosphate esters were obtained from Sigma Chemical Co. (St. Louis, MO). The medium ingredients were Difco Products (Detroit, MI). For phosphate determination, ammonium molybdate, sodium sulfit, sodium disulfit, and 1-amino-2-naphthol-4 sulfonic acid were obtained from Merck Co. (Dermstadt, F. R. G.). Zinc chrolide was purchased from Sigma Chemical Co. Para-nitrophenyl phosphate was obtained from Wako Junyaku (Osaka).
Enzyme assay: The reaction mixture (0.6 ml) in a pyrex tube of 16 X 100 mm contained 0.4 ml of 0.1 M sodium acetate buffer or Tris-HC1 buffer of a given pH, 0.1 ml of 10 mM substrate solution, and 0.1 ml of a bacterial suspension of the standard density. After incubation at 37 C for 60 min, the amount of phosphate released was determined according to King's method (11). pseudomallei, UB54) and Fig. 2 (P. cepacia, UB77). The highest reactions were obtained when phospho-L-serine and phospho-Ltyrosine were employed as the substrate at pH 5 to 7, but no reaction to phospho-L-threonine. Glucose 6-phosphate and Fructose 1, 6-di-phosphate were also an effective substrates in both species of Pseudomallei but adenosine 5' monophosphate and adenosine 2'-3'-cyclic monophosphate were poor in this respect, especially the latter was not hydrolyzed at all. 6-Benzoyl-2 naphthylphosphate and naphthyl phosphate were each a good substrate but phenolphthalein phosphate was much less responsive. Generally speaking, there was no notable difference between P. pseudomallei and P. cepacia in the abovestated mode of substrate response. Substrate-response in acid phosphatase activity of P.
pseudomalliei, strain UB54. Relative activity on each substrate to a value of 100 assigned to the reaction on para-nitrophenyl phosphate.
An additional experiment was then conducted in the same manner, with a OD:4 suspension of P, pseudomallei (UB54) at pH 6.0 to compare the reaction intensity to each substrate with that to PNPP. The reactions for 60 min were read, and the inorganic phosphate released was determined to calculate the relative (%) activity to each substrate by assigning the value of 100 to the activity against PNPP. The results shown in Fig. 3 are the averages of three tubes. As is clear in this figure, tyrosine phosphatase activity of 180% was the highest response so far tested.
Tyrosine Phosphatase Activity in Other Strains of P, pseudomallei (UB3 and UB52) and P, cepacia (UB76 and UB78) Tyrosine phosphatase activity of the two species of Pseudomonas as detected in the preceding experiments was subjected to a confirmation test with the same (UB54) and other two strains (UB52 and UB3) of P. pseudomallei and additional two strains (UB76 and UB78) of P, cepacia.
In the tests, the pH-activity pattern was examined in a wider range with more different pH points. The results are shown in Figs. 4 and 5. The pH-pattern obtained here is not different from those we observed with PNPP, showing a two to three peaks or shoulders (1,2). The highest peaks were observed at pH 6 to 6.5 in most cases.
Heat-resistance of Tyrosine Phosphatase
Saline suspensions (OD:S) of P. pseudomallei (UB48) and P. cepacia (UB80) were placed in water baths kept at 60 C and 80 C for 20 min, respectively. After termination of heating, the suspensions were transferred immediately to icewater. Their pH activity patterns of tyrosine phosphatase were then examined in comparison with the unheated control suspensions. The results (Fig. 6) showed that, though their tyrosine phosphate activity was completely abolished by heating at 80 C, the activity still remained considerably after heating at 60 C for 20 min. In P. cepacia, the enzymatic activity at pH higher than 6 appears to be enhanced by treatment at 60 C.
Inhibition of Tyrosine Phosphatase by ZnCl2 Acid phosphatase is generally inhibited by molybdate, vanadate, ZnCl2: and NaF. Experiments were conducted to examine whether or not ZnCl2 can inhibit tyrosine phosphatase of P, pseudomallei (UB54) and that of P, cepacia (UB78).
ZnCl2 was added to incubation mixtures of pH 6.2 in the final concentrations of 0.1% and 1.0% at the start of assay. The determination of phosphate released was made in 20, 40, and 60 min in comparison with the control tube without Zn Cl2. The enzymatic activity of both species was inhibited almost completely by 1%
ZnCl2 and about 60% inhibition was observed by 0.1% (Fig. 7) . 
